Summary. Gonadotrophin-releasing hormone (GnRH) 
Introduction
The number of fertilizable ova shed at ovulation (i.e. ovulation rate) is a major determinant of prolificacy in sheep. Adequate exposure to both follicle-stimulating hormone (FSH) and luteinizing hormone (LH) is essential for follicular maturation. Recent studies suggest that the low plasma FSH concentrations normally occurring during the preovulatory period may restrict the number of follicles which can attain ovulatory maturity in synchrony, and hence limit ovulation rate (Henderson & McNatty, 1987; Henderson et al, 1988) . Raising plasma FSH concentrations by infusion of low doses of purified FSH for 24 h in the 48 h before the onset of luteolysis, or for 48 h after the onset of luteolysis increases ovulation rates (McNatty et al., 1985; Henderson et al, 1988) . In contrast ovulation rates are not increased above normal by raising plasma LH concentrations, either by infusion of purified LH (Henderson et al, 1988) , or by infusion of GnRH (McNatty et al, 1981a) . Ovulation rates can, however, be increased by injection of pharmacological amounts of human chorionic gonadotrophin, though this may be a consequence of contamination of the preparation with FSH-like activity (Radford et al, 1984) . Gonadotrophin output is regulated by gonadotrophin-releasing hormone (GnRH), steroids and possibly inhibin. Several studies have focussed on the effects of these agents on sheep pituitary secretion of FSH and LH (Martin, 1984; Martin et al., 1986 Martin et al., , 1988 . The purpose of this study was to gain additional information in sheep on the relative effectiveness of these agents in modulating gonadotrophin output, particularly that of FSH in view of its importance in influencing ovulation rate.
Materials and Methods

Animals and reagents
Sheep. Parous New Zealand Romney ewes (aged 2-5-3-5 years and weighing 50-60 kg) were used for this study. They were grazed on open pasture, and run with a vasectomized ram fitted with a marking harness to detect oestrous activity. The ewes were examined daily for signs of oestrus. In instances when ovariectomized ewes were required, ovaries were surgically removed at least 4 weeks, and no more than 9 weeks, before any experimental procedure (e.g. pituitary removal, in-vivo study) was performed. The minimum 4-week delay was to ensure completion of the major rise in plasma gonadotrophin concentrations which occurs after ovariectomy, and is indicative of the removal of ovarian feedback effects on the pituitary (Montgomery el al., 1987; McNatty et ai, 1989) .
Reagents. GnRH and seminal plasma inhibin-like peptide were obtained from Peninsula Laboratories Inc., Belmont, CA, USA. Oestradiol-17ß, ß-oestradiol-3-benzoate, 2-hydroxy oestradiol, 4-hydroxy oestradiol, progester¬ one, testosterone, 5a-dihydrotestosterone, sodium (Henderson et al., 1986) . The FF was then stored in aliquants at -20°C until needed.
A single batch of serum for use in the pituitary cell culture medium was obtained from ovariectomized ewes. Four ewes which had been ovariectomized 1 month previously were exsanguinated under anaesthesia through a catheter inserted into the jugular vein. The blood was allowed to clot and the serum collected and stored frozen at -20°C.
After checking that none of the 4 sera were toxic to pituitary cells in culture, the sera were pooled and treated with dextran T-70 (001%) -coated charcoal (01%) as for the FF samples. The pooled sera were then stored at -20"C in 100 ml samples until needed.
Pituitary cell cultures
Pituitaries were recovered from sheep (usually 2 sheep at a time) immediately after their slaughter at Wallaceville, and placed in chilled Hanks' Balanced Salt Solution containing 1% bovine serum albumin, gentamicin (50µg/ml), amphotericin (2-5 pg/ml) and penicillin (100 units/ml), pH 7-4 (HBSS). The (Technical Report No. 141 ). The FSH antiserum was NIAMDD-anti-oFSH-1 (AFP-C5288113) and it was used at a final tube dilution of 1:80000 in a total assay incubation volume of 0-5 ml. The sheep FSH for iodination was NIAMDD-oFSH-I-1 (AFP-5679C) and the reference preparation was NIAMDD-oFSH-RP-1 (biopotency 75 NIH-FSH-S1). The sensitivity of the assay was 0 5-0-1 ng per assay tube and the intra-and inter-assay coefficients of variation were < 10%. LH was measured using the specific radioimmunoassay described previously (McNatty et al., 1981b) . The antiserum used was generated in a rabbit against NIH-LH-S11 and was used at an initial dilution of 1:40 000. This LH antiserum exhibited low crossreactions with other pituitary hormones: sheep prolactin (NIH-P-S12) 009%; sheep thyroid stimulating hormone (NIH-TSH-S8) 24%; sheep growth hormone (NIH-GH-S11) 04% and sheep FSH (NIH-FSH-S10) 04%. The pituitary LH reference preparation was NIADDK-oLH-24 and the iodinated tracer was NIADDK-oLH-I-3. The sensitivity of the assay was 25--05 ng per assay tube, and the intra-and inter-assay coefficients of variation were <11%.
Data analysis
Gonadotrophin output by all cell cultures (except for those of Fig. 7 (Fig. 3) . In contrast, mean LH output changed little, and fluctuated around 90-110% ofthat produced by control (zero dose) cultures, over the whole culture period. Figure 4 shows FSH output by cells from ovariectomized ewes after 1 and 2 days of culture with oestradiol-17ß (0, 5 and 125 pg/ml) and oFF (0, 01 and 2-5 µ /ml) either alone or in combination. On 60 h following treatment with the higher doses of bFF and oestradiol benzoate were 1-3 + 0-3 and 1 -9 ± 0-4 ng/ml respectively, which were similar to the mean plasma FSH values before ovariectomy of the ewes (1-4 + 0-3 ng/ml). At 12, 40 and 60 h, mean FSH concentrations in ewes receiving bFF (5 ml) and oestradiol benzoate (50 µg) together were significantly lower than in ewes receiving either dosage alone, but were generally similar to those of ewes receiving injections of 10 ml bFF or 500 µg oestradiol benzoate (Fig. 5) Steroid cone, (ng/ml) (Fig. 6) . Inhibition was observed from Day 1 of treatment with all of the steroids except for androstenedione and 3ct-hydroxy-4-pregnen-20-one with which significant inhibition was observed only on Days 2 and 3. Effects similar to those of 5a-dihydrotestosterone and 3a-hydroxy-4-pregnen-20-one were also observed with testosterone and 3ß-hydroxy-4-pregnen-20-one respectively (data not shown). However, in contrast to the inhibitory effects of oestradiol-17ß on mean FSH output, for which inhibition was observed at doses as low as l-5pg/ml (Fig. 3) Figure 7 shows a comparison of the effects of SPI and oFF on FSH and LH output by pituitary cells from ovariectomized ewes. Ovine FF caused a marked dose-dependent suppression of mean FSH output, but had comparatively little effect on mean LH output. SPI had no effect on mean FSH output at doses from 1 pg/ml to 500 ng/ml. At doses of^1 µg/ml SPI did suppress mean FSH output, although less effectively than oFF, but it also had a marked suppressive effect on mean LH output. The inhibitory effect of 2 and 4 µg SPI/ml on gonadotrophin output was also accompanied by a marked deterioration in the morphological appearance of the cells which shrank and detached from the culture wells. This toxic effect was also reflected in the cellular protein determined at the end of the culture period. Control (zero dose) cultures had mean + s.e.m. protein values of 139 + 2 µg, whereas the values for cultures treated with 2 and 4 µg SPI/ml were 83 + 2 and 63 + 3 µg protein respectively. None of the doses of oFF used, or indeed of any of the above steroids studied, had any significant effect on the mean amount of cellular protein determined at the end of the culture period, relative to their control cultures.
Discussion
The present study demonstrates that there are marked differences in the way in which FSH and LH output by the sheep pituitary can be manipulated. While LH output can be readily increased with GnRH, FSH output can only be increased marginally by comparison. FSH output is, however, readily susceptible to suppression by FF (most likely reflecting its inhibin activity) and oestradiol-17ß, whereas LH output is more resistant to the suppressive actions of these agents. These findings are consistent with the view that LH output is normally acutely controlled by hypothalamic GnRH stimulation, whereas ovarian negative feedback effects normally control FSH output (Martin et al., 1986 (Martin et al., , 1988 (Fig. 2) , repeated frequent injections or continuous infusion of GnRH can lead to a decline in plasma gonadotrophin concentrations after an initial stimulation (Fraser et al, 1981; Crowder et al, 1986 (Fry et al, 1987) . It is therefore possible that the effects of oestradiol-17ß (oestradiol benzoate) and FF on gonadotrophin output in ovariectomized ewes may differ to some extent from their effects in intact ewes. However, suppression of FSH output by oestradiol-17ß and FF has also been observed previously in intact ewes both in vitro and in vivo (Reeves et al, 1974; Pant, 1977; Henderson et al, 1986 Henderson et al, , 1988 Tsonis et al, 1986) .
The relative contributions of oestradiol-17ß and inhibin to the physiological regulation of FSH output in sheep remain unresolved. Although both oestradiol benzoate and FF could individually reduce plasma FSH concentrations in ovariectomized sheep to pre-ovariectomy levels, very high concentrations of each were required (Fig. 5) . FSH output in sheep is there¬ fore more likely to be regulated through the observed cumulative effects of oestradiol-17ß and inhibin, as has been suggested by the studies of Martin et al (1988) . Although combined treatment with oestradiol benzoate and bFF generally had a cumulative effect in reducing plasma FSH concentrations (Fig. 5) (Pant, 1977; Fraser et al, 1981; Clarke et al., 1982 (Batra & Miller, 1985) , although these authors found that androgens had only a minor (< 10% inhibition) or no effect on FSH output.
In rats, 3a-hydroxy-4-pregnen-20-one has been shown to be extremely potent in selectively suppressing FSH output both in vivo and in vitro; doses of 10 pg/ml significantly suppress FSH output by rat pituitary cells in vitro (Wiebe & Wood, 1987) . It was therefore felt that this steroid might be potentially useful for manipulating FSH output in sheep. However, in sheep pituitary cell cultures, doses of^500 pg/ml were required to suppress FSH output and suppression was only observed during the 2nd and 3rd days of culture (Fig. 6) . Such species variation in the action of steroids on pituitary gonadotrophin output has been observed previously (Miller & Wu, 1981) .
Inhibin preparations can be used to manipulate plasma FSH concentrations and increase ovulation rates in sheep, e.g. by repeated injections of bFF (Henderson et al, 1986) , or by active immunization with a partly pure inhibin preparation derived from bFF (Henderson et al., 1984; Cummins et al, 1986) . Commercial application of such techniques might be encouraged by the availability of large amounts of inexpensive preparations of inhibin. The availability of a synthetic 31 amino acid peptide (seminal plasma inhibin-like peptide) reported to have inhibin activity offered some potential in this regard (Yamashiro et al, 1984; Sairam et al, 1987) . However, while 2-6 ng of this peptide reportedly suppressed by 50% FSH output by mouse pituitaries in vitro, doses from 1 pg/ml to 500 ng/ml in the present study had no effect on FSH output by cultured sheep pituitary cells. At higher doses, both LH and FSH output were reduced, but this was accompanied by morphological deterioration of the cells, indicative of a toxic effect. It seems unlikely that this peptide will be useful for specifically manipulating FSH output in sheep. Other studies in rats with this peptide have also failed to demonstrate FSH-suppressing activity either in vivo or in vitro (Liu et al, 1985 
